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Introduction 

This chapter lays out the basic methodological issues of cost -benefit 
or cost-effectiveness analysis. It employs the actual practices used in 
the major extant studies of vocational-technical education to illustrate 
the methodological issues. Since this is a critical review, the focus is 
often on what has failed to be the use of ideal methodology. There is no 
attempt here to treat the various studies in a balanced fashion — showing 
equivalent examples of good and bad methodology for each study. Bather, 
where a particular study has made a proper (in our judgement) use of 
methodology, this is discussed. If only negative examples are available 
from a given study, this, too, should be valuable for furthering the science 
of evaluating the social, economic and educational effects of investments 
in human beings, such as vocational education. The general format of this 
chapter deviates from previous chapter formats in this report. Here 
methodological concepts and issues will be discussed in a related order, 
individual studies will be used to illustrate particular points. 
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What is Benefit -Cost Analysis? 

Benefit-cost analysis or cost-effectiveness analysis is simply a 
popular term for economic analysis of any program or action. This analysis 
can be part of a larger decision making strategy, such as systems analysis 
or of program budgeting, or it may be performed within its own narrower 
framework. In either case, it is quantitative analysis whose intent is to 
provide a criterion or standard for decision making so .as to allocate in a 
rational and optimal way a given set of scarce resources among numerous 
competing needs. 

Thus, benefit-cost analysis is a technique which concerns itself with 
the optimum allocation of resources. It is a tool of analysis which 
assesses the alternative courses' of action in order to help decision makers 
maximize the net benefit to society. The essence of this analysis lies in 
its ability to evaluate the total value of benefits against the total costs. 

Optimum Allocation of Public Expenditures for Vocational Education 

A basic assumption in economics is that goods are scarce and that 
persons prefer to have more goods rather than less. Therefore, it is 
generally desirable to employ resources in those uses which have the 
highest productivity. Given the total amount of resources svailable for 
public and private education of all types, it is relevant to determine the 
optimum allocation of expenditures on these different programs. 

Theoretical Criterion . Assuming that the goal of society is, given 
its values and objectives, to maximize its social welfare, which includes 
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boCh economic and non-economic components, it is possible to demonstrate the 
rule by which this welfare may be maximized. Society has a variety of goals 
and objectives, some of which are complementary to each other and some of 
which are competitive. For educational programs alone, there are several 
goals. These are the goals of 1) economic efficiency-achieving the maximum 
output for a given set of inputs, 2) immediate consumption and future 
consumption- -the enjoyment of the process of education and the ability to 
achieve greater or more varied enjoyment in the future due to one's 
education, 3) equity--the realization of a more socially desirable distribution 
of wealth, and 4) socialization--the inculcation of socially desirable values 

i/ 

and behavior. 

T/ An educator per se is apt to express these goals in a slightly different 
~~ fashion, but the result boils down to the same thing. The following 
quote is suggestive. 

"For Lehman and Dressel, the overriding concern is the impact of a 
particular educational program in implementing such global goals as: 

"...the development of skills in critical thinking and problem solving 
and the development of such attitudes and values as may be acquired by the 
understanding of the physical universe, of the methods of science, of 
social organization and the process of social control, and by a study of 
man himself." The only goal explicitly not accounted for in this state- 
ment is the equity goal. 

See I. J. Lehman and P. L. Dressel. Changes in Critical Thinking : 

Ability, Attitudes and Values Associated with College Attendance , East 
Lansing, Michigan: Michigan State University, 1963, p. 2. Quoted in 

Arthur Gerst and James W. Trent, An Analytical Review of Longitudinal 
and Related Studies as They Apply to the Educational Process, Preliminary 
Report, Volume I, Los Angeles, California, Center for the Study of 
Evaluation, Graduate School of Education, University of California, no 
date, p. 8. 

Another standard treatment is to specify the outputs of education 
into cognitive and noncognitive effects. While many of the noncognitive 
effects could be considered to be the final outputs of an educational, 
process, such as the development of a well-balanced personality, an 
. economist recognizes most cognitive skills as intermediate outputs which 
can then be considered as inputs into the production of ultimate satis- 
factions such as the consumption of literature, music, the exercise of 
a skill as a hobby to create final satisfactions or utility or as inpuus 
into the production of further intermediate outputs such as earnings and 
employment. 
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(footnote 1 continued next p. ) 
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These goals can be measured by appropriate indices of output. These 
outputs can be combined to represent an overall measure of welfare or 
satisfaction. Thus, we can specify a social welfare function either with 
respect to the outputs of all social programs, including education, or we 
can specify a more restricted social welfare function which expresses only 
that part of social welfare affected by a particular set of programs. 

Thus, the social welfare function can be written in the form: 

(1) W » w(g r , g 2 , . . ., g n ) 

where W represents social welfare (or can be denoted as social benefits) and 

the g's represent the output of different social programs. The maximization 

of function (1) is subject to the constraint of the social budget, namely 
n 

(2) B - Z (a + eg) 

1-1 1 1 

where a^ is the fixed cost of the ith social program c^ is the marginal cost 
of the ith social program, and B is the total resources available to society 



The Lagrangian multiplier is used to solve the maximization problem, 



that is : 

n 

(3) w(8 i . 8 2 * • • •» 8 n ) “ X [ Z <a ± + Cjgj) - B] - 0 



where X is the Lagrangian multiplier. Differentiating this expression with 
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respect to g^, then: 

(4) Wj - X c^ « 0 



(footnote 1/ continued from p. 3) 

What must be clear at this point is that the given purpose of a study 
will define the nature of the goals to investigate as well as the 
stage of the process wherein one should focus his analysis. The 
analysis above in general, however, and if one wants to maximize 
cognitive skills rather than utility or social welfare, one need 
simply substitute the terms in the model and specify the appropriate 
inputs which create cognitive capacities in a person. 
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vhere w, «* - — is the marginal benefit of the ith program. From this it 
follows that : 

(5) - fi (i, j - 1, 2 n) 

w j C J 

and also that: 

(6) = A* 

*i 

Thus, in equilibrium, as shown in equation (5), the maximization of social 
benefits is achieved if the ratio of marginal benefit in this example of 
two government programs is equal to the ratio of the marginal cost of these 
programs; that is, the marginal benefit is proportional to the marginal 
cost. (Marginal means the incremental increase in total cost or benefit 
due to adding one more unit of output to a program.) 

An application of this principle to the optimum allocation of public 
expenditures on vocational education versus^ say^ manpower development training 
is to spend resources on each program to the point where the marginal benefit- 
marginal cost ratio of vocational education is equal to the marginal benefit- 
marginal cost ratio of manpower development training. In other words, other 
conditions being equal, such as the population of persons being served, if 
the ratio of marginal benefits to marginal coats of vocational education is 
higher than that of manpower development training, then the government should 

increase its expenditures on vocational education up to the point where the 
two ratios are equal. This can be done within a fixed budget by shifting 
funds from manpower training to vocational education or by expending any 
extra public funds on vocational education as additional funds become 
available. More explicitly, the optimum amount of public expenditures for 
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vocational education and manpower development training is at the point 
where the additional benefits from an additional dollar spent on these two 
educational programs would be equal. 

This analysis points out the necessity of contrasting the marginal 
benefits with the marginal costs of competing educational programs in order 
to discover which among a set of alternatives is relatively more desirable. 
That is, the additional benefits of adding one more unit of output (a student) 
must be contrasted with the marginal or extra cost of that unit of output 
(a student). 

Marginal cost-benefit calculations are not sufficient, however, to 
make a complete decision with respect to investing in social programs such 
as vocational education. In addition to the relative effectiveness of a 
program as measured by marginal benefits and costs, it is often important 
to know what the absolute level of effectiveness of a program is; that is, 
in the long run does the program operate in the black. To make this 
determination of absolute effectiveness, a measure of average costs and 
benefits must be performed, for a program could be relatively more 
effective than some set of alternatives, yet it may not be covering its 
long run average costs. Such a condition will be reason for rejecting the 
educational program if other non-efficiency goals do not intervene. Thus, 
average costs, that is, total cost divided by the total units of output, 
must be compared with average benefits, total benefits divided by the total 
units of output. And, the present value of net average benefits (benefits 
minus costs) should be aero or positive. 
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A. Diagrammatic Exposition . These principles can, perhaps, be best 

2 / — 

illustrated by means of graphs ~ * " " _ Given that a 

decision is to be made on whether to spend an additional sum of social 

resources on either vocational education or manpower development training, 

the problem is to choose between the two. That is, which will yield 

the greater addition to benefits for the alloted additional resources? 

Figure 1 shows the difference between average costs and benefits and 

marginal costs and benefits. Figure 2 contrasts the marginal and average 

costs and benefits of the two programs. The diagrams are hypothetical. 

In Figure 1, assume the vocational education program is operating at 

a level where total costs are equal to oc^ and total benefits are equal to 

obi. The average benefit-cost ratio is given by . This ratio is 

also equal to the slope of the line segment oa^. 

Suppose the program is expanded out to point by adding resources 

equal to cj^. Then c^ represents marginal costs, the addition to total 

costs , and b]b2 represents marginal benefits, the increase in total benefits, 

due to the increase in costs. The marginal benefit-cost ratio is equal to 

b l b 2 and slope of the arc a.a,. 
c l c 2 

Thus, it can clearly be seen that marginal and average costs and 
benefits and hence, their ratios, usually differ, the difference depending 
on the level of output. 

In Figure 1, given that costs and benefits are measured in the same 
units, average benefits are greater than average costs, as depicted in the 
graph. The next question is to compare two programs— vocational education 
and manpower development training. 

In Figure 2 at the current funding level of oc^, manpower training has 

obi 

a higher average benefit-cost ratio, , than does vocational education 

2 f Glennan, Thomas K., Jr. Evaluating Federal Manpower Programs : llot cs and 
Observations. Santa Monica, California: Rand Corporation Memorandum 
' RM 5743-OEO, September, 1969. 90 
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Figure 1. Hypothetical Benefit-Cost Curve for the Vocational Education 
Program 
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with an average benefit-cost ratio of 1 

oc l 



However, if we expand both 



programs by the same amount of increased resources, c^c^, tl.e incremental 

b,b^ 

or marginal benefit-cost ratio of vocational education, A.f , is greater 

c l c 2 

b'b„ 

than the marginal benefit-cost ratio of manpower training, 1 2 . Thus, 

C 1 C 2 

since both programs are covering their average costs, i.e . . each is operating 
in the black, the extra resources should be applied to the vocational 
education program and not to the manpower development training program in 
this hypothetical example. To apply the extra resources, c^c^, to manpower 
training rather than to vocational education would result in a smaller 



addition to total output. 

Most evaluative studies of vocational education do not set forth cuch 
a model as the above, though it must be implicit in their analysis. Also, 
most studies do not recognize the distinction between marginal and average 
costs and benefits and hence are incomplete as evaluations. As can be seen 
from Table 1, marginal costs and benefits are not commonly measured. It is 
important to note, however, that the methodology exists to do this. In the 
case of these studies, it simply was not used, or the research design pre- 
cluded the use of the methodology as in, say. the case of the Corazzini study 
where benefits are based on average starting wage differentials and total 

cost functions (from which one derives the estimate of marginal costs) were 
3./ 

not estimated. And, one must note that the studies visually fail to distinguish 
the fact that they are not estimating those costs and benefits which would 
allow an appropriate choice among alternatives. Thus, for instance, the 
Schriver and Bowlby study indicates its rate of return measures, but doesn’t 

4/ 

clarify for the reader whether they are average or marginal." - On the other 

2 ^ Corazzini, A.J., Vocational Education, A Study of Benefits and Costs 
(A Case Study of Worchester, Massachusetts) Princeton, New Jersey: 
Industrial Relations Section, Princeton University, 1966. 

4/ Schriver, William R. and Bowlby, Roger L. , The Effects of Vocational 
~ Training on Labor Force Experience. An Analysis of the Tennessee 
Vocational-Technical School System . Memphis, Tennessee: Center for 
•Manpower Studies, Memphis State University, February, 1971, p. 107 ff. 






Figure 2. Hypothetical Benefit-Cost Curves for Vocational Education and 
Manpower Development Training Programs 




i 

i 

i 

i 

i 

i 

! 



0 ; 

ERLC 




10 



5/ 

hand the study of Pejovich, al. clearly labels its rates of return as 
averages. The denominator , costs, and averages, but the numerator, benefits 
are differences between average before and after training wage rates. 
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5 / Svetozar Pejovich, et al. , "Investment in Human Capital: Skill and 

Training Development," Proceedings of a Conference on Regional Economic 
Development, Svetozar Pejovich and Sydney C. Reagan, editors, College 
Station, Texas: Department of Economics, Texas A and H University, 

June, 1969; P. 53. 
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Table 1 



Methodology of Cost and Benefit Estimation 





Average 


. 1/ 
Marginal*" 


Difference be- 
tween Averages 


Study 


Cost 


Benefit 


Cost Benefit 


Cost Benefit 


Hu T et al. 


X 


X 


X 


Schriver and Bowlby 


X 


X 




X 


Eninger 


X 




X 


Vincent 


X 


X 


• 


X 


Persons . et al. 


X 


X 




Kraft 


X 


X 






Kauftnan and Lewis 




X 


X 


Carroll and Ihnen 


X 




X 


Taussig 


X 


X 




X 


Somers, et al. 


X 




X 


Corazzini 


X 


X 




X 


Pejovich, et al. 


X 




X 



Notes: The strict definition of marginal cost (benefit) is assumed here, 

i.e.. the change in total cost (benefit) as output changes by one 
additional unit. Sources: see bibliography at end of chapter. 
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A Model for Cost -Benefit Evaluation of a Program 

An evaluative model is needed to achieve the estimates of costs and 
benefits to perform the analysis above. This evaluative model should have 
several components. First, it should examine the nature of the output 
processes of competing programs which are designed to fulfill a given set 
of objectives for a target population. Second, the model should determine 
which program and its output process is most efficient. As suggested above 
this type of evaluation has several major characteristics. First, it is 
quantitative. There must be some estimate of costs and benefits. Usually, 
but not necessarily, these costs and benefits are expressed in monetary 
terms. Second, the evaluation must be directly related to the specific 
purposes being served by the program. The appropriate specification of 
the objective or set of objectives of the program is crucial to the 
evaluation. An improper specification of objectives as well as an ill- 
conceived choice and construction of indices to measure the attainment 
of objectives will result in an invalid evaluation of the program. 

Third, the benefit-cost evaluation must link benefits with costs. 

Treatment of either benefits or costs in isolation cannot provide valid 
information in m a king choices among, social programs. Vocational education 
is not less efficient or less desirable simply because, it costs more, 
both on the average and in marginal terms, to educate a student in a 
vocational program than it does to educate him in an academic program 
in a comprehensive high school. 
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In summary, an appropriate model to evaluate any program within voca- 
tional education or a similar social program in education should have the 
following steps: 

1. The program objectives or desired program outcomes must be 
specified. 

2. The processes or activities used to implement the program must 
be specified. In economic terms, this means that the production 
function or production process must be specified whereby the 
output of any given activity is related to a relevant set of 
inputs to that activity. 

3. A c ost function or cost relationship based on the production 
functions given for each activity must be specified. 

4. A benefit functions (s) must specified based on an appropriate 
index or set of indices designed to measure program outputs. 

5. Costs and benefits must be compared. 

Program Objectives and Output . The objectives of a social program 
such as vocational education must be made explicit. If objectives are 
stated in terms of all-encompassing goods such as "the improvement of 
happiness," the program cannot be evaluated since there is no way to 
measure such a broad outcome as "happiness," let alone define it with clarity. 




Vocational and technical education are, however, more efficiency 
oriented and lend t!i amselves to a benefit-cost framework more readily than 
other types of education except manpower training. However, the objectives 
of vocational education are still multi-dimensional and the specification 
of a single functional relationship which uniquely encompasses all of these 
simultaneous objectives is extremely difficult and remains, as yet, to be 
done. It is for this reason that the estimation of program benefits is 
generally so much more difficult than the estimation of program costs, 

I 

although, as we shall see below, some of the relative simplicity in the 
estimation of costs is more apparent than real, since costs and benefits 
are simply two sides of the same coin. Costs are negative benefits and 
benefits are negative costs. The same general economic principle of fore- 
gone alternatives or opportunities governs the conceptual identification 
of each. 

Nevertheless, without a single index of benefits (and costs) to measure 
the multiple dimension of objectives (and both economic and non-economic 
costs), the practice has been to estimate a single dimension, such as 
earnings or wage rate per hour, and treat it as an index of the objective 
of "efficiency." Thus, wage rates or a similar unique measure implicity 
ignores other dimensions of the efficiency concept such as the reduction 
of unemployment or the potential increase in output due to increased labor 
mobility or job satisfaction. 

To continue, the output of vocational, technical or manpower training 
is the acquisition of certain behavioral capabilities. The objectives of 
these types of education, whose fulfillment depends in a functionally 
related way on the acquisition of these capabilities, have been enumerated 
above but bear repeating. These objectives are: 



15 



a. Economic efficiency (h^) 

b. Consumption (h^) 

c. Equity (t^) 

d. Socialization (h^) 

The program objectives (W for welfare or well-being) can be expressed 

as: 

W «* w(h lt h 2 , h 3 , h 4 ) 

A specification of the relative weights of each component of welfare, 
their general functional form, that is, whether they are linearly or 
non-linearly related to welfare, as well as knowledge of the interactions, 
complementarities and conflicts among them would complete the specification 
of this "objective function." The next step would be to maximize the total 
value of this function, given one's limited resources. 

However, to repeat, the problem is that we do not have a unique index 
to measure W and, in fact, we do not even have a unique index to measure 
the components of W, such as h^ or hj. Also since certain aspects of 
these objective components are almost surely jointly created, that is, a 
given input simultaneously creates more than one type of output, the 
choice of an index to represent a component which is jointly determined 
with another component will likely result in an error in ascribing costs. 




